Introduction
baseline questionnaire designed to elicit information on household demographics, as well 140 as current knowledge and practices regarding health, nutrition, and water, sanitation and 141 hygiene (WASH) behaviours. Following this questionnaire, anthropometric 142 measurements (height/length, weight and mid upper arm circumference [(MUAC) children 143 only]) were taken, along with non-fasting blood samples for each mother-child pair. 144 Finally, a multi-pass 24 HDR interview was completed with all participants, the results of 145 which are presented in this paper.
146

Dietary Assessment 147
The 24 HDR is a validated and widely used data collection instrument that helps 148 gather detailed information on all foods and beverages consumed by a respondent in the 149 preceding 24 hours.(4, 5) This method of dietary assessment is particularly ideal for use 150 in low resource settings as it is inexpensive, uses little equipment, and takes on average 151 less than one hour to complete. Despite its ease of use however, there are limitations 152 including: over/under estimation of food and beverages consumed; poor estimation of 153 portion sizes; and failure to capture day-to-day variations in food intake. Gibson and 154 Ferguson addressed these limitations and subsequently developed the multi-pass 24 155 HDR.(6) For our study, an adapted version of the multi-pass 24 HDR method, tailored for 156 use in the DRC context, was used.
157
Food composition table development 158 To develop a locally appropriate food composition table and means of determining 159 portion size, focus group discussions were held with women in communities neighbouring 160 the study villages. From these discussions, information on common and unique 161 household recipes was systematically collected. This information was used to generate 162 conversion factors (factors to allow reported quantities of food to be converted to grams, 163 including volume equivalents, household measures, clay models, and linear dimensions) 164 and a nutrient composition table of local foods. A nutrient composition table from a 165 HarvestPlus study in Uganda (7) was used as the starting point and then completed with 166 the USDA Nutrient Database 22 (8) . Because red palm oil is an important source of 167 provitamin A carotenoids (pVACS) in the DRC, we conducted a post hoc sampling of red 168 palm oil from street side vendors in nine distinct markets located in South Kivu, Kongo
169
Central and three additional provinces in the DRC and analysed the samples for 170 carotenoids, which had a mean of 400 µg/g pVAC (range: 273 -600 µg/g pVAC). The 171 average of the results of was then applied to the food composition table, assuming a 172 bioconversion factor of 7 to 1 micrograms of beta carotene equivalents to retinol and a 173 retention of 70% from cooking.(9) Nutrient intakes from breastmilk were also estimated 174 for partially breastfed children based on the World Health Organization (WHO) average 178 Gram weight of cooked beans was divided by 2.54 to derive dry weight bean 179 consumption, and uncooked cassava flour used for fufu was divided by 0.31 and 180 uncooked fermented dough used for chikwangwe by 0.23 to derive gram weight of peeled 181 cassava roots. Nearly all the maize consumed in the 24HDR was reported as maize flour, 182 thus no conversion factors were applied.
183
Structured interviews 184
A pre-interview visit from trained enumerators was conducted two days before 185 each 24 HDR. Respondents were presented with a picture chart of locally appropriate 186 foods and beverages and asked to tick all items consumed by themselves and their child 187 for the following day. In addition, respondents were asked to save all packaging from 188 commercial foods and beverages and use standardized plates, cups, bowls and utensils 189 to help quantify their consumption throughout the following day. On the interview day, 190 respondents were asked to produce the picture chart and all food packages from the 191 previous day. The interview was then conducted in four separate sections and information 192 on the quantity, type, and method of preparation for each food item was recorded.
193
Probing techniques were used to obtain detailed descriptions of foods, and visual aids 194 (playdough and rice) were used to assist with estimation of portion sizes. Repeat recalls 195 were completed on non-consecutive days with a subset of the sample, ~20% of 196 participants, to account for day-to-day variation in intake. All interviews were conducted 197 with the mother; if another caregiver fed the child, they were interviewed for the child's 198 recall. Mothers were asked about their own food and beverage consumption first, followed 199 by their child. All data collection took place between August and October 2014. bioavailability.(6) For infants, we adopted the iron intake variation components from 217 among the 1 to 3 year olds to estimate prevalence of inadequacy since the sample size 218 and number of repeated recalls for infants was too small to estimate these parameters.
219
The Institute of Medicine EAR values were used for all nutrients, except for zinc.(15) For 220 zinc, we used the zinc physiological requirements from the European Food Safety 221 Authority (16) and applied bioavailability estimates for an unrefined cereal diet from 222 IZINCG to calculate an EAR appropriate for this setting. These were determined to be the
Results
227
The response rates for the dietary surveys were 87% in South Kivu and 97% in 228 Kongo Central. The participation rate in South Kivu was lower due to security concerns 229 as one of the villages was the site of a rebel conflict and was therefore withdrawn from 230 data collection. Households were slightly larger in South Kivu with 6.6 ± 2.6 members 231 and had a greater proportion of women, 48%, reporting no formal schooling. Kongo
232
Central, on the other hand, had smaller household sizes with 5.7 ± 2.3 members and had 233 a higher proportion of women, 43%, reporting completion of secondary school (Table1).
234
Access to health services were similar between provinces. Approximately 90% of all 235 children received vitamin A capsules, and roughly 80% were treated with de-worming 236 tablets in the past six months. Iron supplementation was less common with less than 237 10% of children receiving tablets or syrup in the preceding six months. The RAE for dietary provitamin A carotenoids is two-fold greater than retinol equivalents (RE), whereas the RAE for 303 preformed vitamin A is the same as RE. The RAE for dietary provitamin A carotenoids is two-fold greater than retinol equivalents (RE), whereas the RAE for 314 preformed vitamin A is the same as RE.
315
d Usual intakes could not be computed, thus arithmetic mean ± SEM are reported.
Food sources of nutrients 317
The major food sources contributing to vitamin A, iron and zinc intakes among 318 women are presented in Table 6 . In South Kivu, the three largest contributors to both 319 iron and zinc intake among women were cassava flour, beans, and fish. Together these 320 three sources accounted for two thirds of all iron intake and over half of all zinc intake.
321
Women in this province also consumed more red meat than women in Kongo Central; 322 beef consumption accounted for 6% of zinc intake. Among women in Kongo Central, Sesame ------11 12 --
Other sources (<5%)  24  22  15  19  24  9   327   328 For children in both provinces, the top three food sources for iron and zinc were 329 similar to their mothers ( Sesame ------13 13 --
Other Kivu and 37 ± 4 g/d in Kongo Central. Cassava intake, expressed as fresh weight peeled 344 cubes, was consumed in large quantities at ~1260 g/d among women in South Kivu and Nutrient intake patterns and prevalence of inadequacy among women and children 384 in the respective provinces were nearly identical. Calcium and zinc intakes in both regions 385 were low and presented as the greatest micronutrient vulnerabilities in these two regions.
386
The prevalence of inadequate calcium intakes ranged from 60 to 95%, depending on the 387 region and age group. Similarly, prevalence of inadequate zinc intakes was high, ranging 388 from 55 to 90%. It is important to note that there is still considerable debate on the 389 physiological requirements for zinc (17), which has important ramifications on the 390 estimates of prevalence of inadequacy. However, the general conclusions are consistent 391 with those from the biochemical results that show a moderate to high prevalence of zinc 392 deficiency, in which more than half of women and a quarter of children had low serum 393 zinc concentrations.
(2)
394
Our dietary assessment of vitamin B 12 , vitamin A, and folate intakes supports the 395 results from the biochemical survey that show little to no evidence of deficiency in these 396 nutrients. Consumption of animal source foods such as red meat and fish likely explains 397 B 12 sufficiency, and food level data revealed vitamin A sufficiency was primarily due to 398 the ubiquitous presence of red palm oil in these regions. Folate intake on the other hand 399 appeared to be moderately inadequate among women at ~20%, and mild among children 400 at ~5% among children. Although prevalence of inadequacy is slightly higher, the results 401 are reasonably consistent with biochemical findings suggesting this is not a problem 402 nutrient.
403
Our results also show that approximately 30% of women and 20 to 25% of children 404 1y and older in our sample had inadequate iron intakes, based on a 10% bioavailability 405 assumption. According to our findings from biochemical measures of haemoglobin,
